The current study was designed to evaluate the effect feeding weaning rabbits sugar beet tops (SBT) with prebiotic on digestibility of nutrients and caecal microbial activity, volatile fatty acids estimation and organs histology. Fifty four 6-week-old unsexed weaning NZW rabbits were randomly distributed in a factorial (3 × 2) design to six equal groups. Sugar beet tops (SBT) was used at levels 0.0, 20 or 30% of the diet instead of the percent of alfalfa hay in the control diet in presence of 1.0 g/kg diet or absence of prebiotic (Perfect). Digestibility coefficients of dry matter (DM), crude protein (CP), ether extract (EE) and NFE of 12-week old NZW rabbits were improved by feeding SBT-containing diets. Dietary SBT level had no significant effect on pH value, TVFA,s and NH 3 -N values for caecum content of 12 weeks old NZW rabbits, however, total bacteria, E. coli and lactobacillus counts were significantly affected. Feeding SBT-containing diets did not alter plasma concentrations of AST and ALT of 12-week-old rabbits. Dietary prebiotic had a positive effect on the digestibility coefficients of DM, OM, CP, EE, CF and NFE of growing rabbits. Added prebiotic had a positive effect on caecal fermentative activities and caecal microbial activity of growing rabbits. The pH value, ammonia-N level, total bacteria and lactobacillus counts of rabbits fed prebiotic-supplemented diets were significantly higher but E. coli count was reduced as compared to control ones. This study concluded that sugar beet tops can be safely used in rabbit diets up to 30% instead of alfalfa hay.
Introduction
It is recognized that the use of antibiotics as growth promoters in the European Union and in Egypt is a serious hazard to humans, animals and the surrounding environment, so many research has focused on the development of alternative strategies to maintain health and performance status in modem livestock production systems. There are now many substances that are used as natural growth promoters as antibiotic alternatives such as prebiotics. This product has the potential to beneficially affect intestinal health and growth performance by establishing and maintaining a well-balanced gut microflora which protects the host against pathogenic bacteria. Prebiotics are oligosaccharides that are not digestible by animal, but can be fermented in the intestine and act as a nutrient source for lactic acid-producing bacteria such as specific strains of bifidobacteria (Wenk, 2003) . Rabbits are suitable for meat production in the subtropics because of its high fecundity, short generation time and good feed conversion. (McNitt et al., 2013) . Nutrition is one of the key factors determining the success of rabbit economic production (Daader & Seleem, 1999) . Agricultural waste is inexpensive, untraditional feedstuffs in animal diets and may contribute to solving the problem of feed, reducing the price of the rabbits ration and solving the problem of environmental pollution of this agro-industrial (El-Kerdawy, 1997) . In Egypt, about 1.5 million tons of sugar beet tops are produced yearly. Using sugar beet tops such an agricultural by-product as a feed ingredient for fattening rabbits can participate in solving the problem of feedstuffs' shortage and reduce the environmental pollution (Abo El-Maaty et al., 2017) . Prebiotics should create unfavorable conditions for pathogenic microorganisms in the caecum of rabbits. The results of Morisse et al. (1993) showed that the effect of fructo-oligosaccharides (FOS) in rabbit caecum: E. coli population decreased, the volatile fatty acids production increased while, the ammonia levels in caecal contents decreased. But Maertens et al. (2006) , testing FOS and inulin, only got an effect on the molar proportions of fatty acids. As far as other prebiotics are concerned, both galacto-oligosaccharides (GOS) (Peeters et al., 1992) and mannan-oligosaccharides (MOS) (Mourão et al., 2006) fluid was collected at 18 hours post-feeding. The caecum fluid samples were filtered through two layers of surgical gauze before the determination of caecal characteristics. The pH value of caecum fluid was estimated immediately using a battery-operated pH meter. The VFA's and ammonia-N (NH 3 -N) concentrations were determined in wet samples of caecal content according to the method of Vernay and Marty (1984) .
Caecal Micro Flora
Rabbits selected for caecal measurements were immediately sacrificed and opened up and samples of the caecal contents were immediately collected. The caecal contents were put on ice until they were transported to the laboratory for enumeration of microbial population. Coliform bacteria were assessed on selective agar incubated aerobically, while Lactobacilli were anaerobically assessed on selective agar. Microbial counts were measured according to the methods of Xia et al. (2004) .
Blood Parameters of Rabbits
At 12 weeks of age, three blood samples per experimental group of rabbits were taken during slaughtering in heparinized test tubes. Rabbit's management and handling during the study were carried out to the highest standards of ethics in accordance with the guidelines of the local animal research ethics commit at Mansoura University associated with the ethics of animal use in practical experiments. Blood samples were immediately centrifuged at 3000 rpm for 15 minutes in order to separate blood plasma. Plasma samples were frozen at -20 °C until later analysis. Creatinine, Urea concentration, AST, ALT, SOD activity and MDA concentration were estimated using commercial Kits.
Histological Examination of Organs
Representative tissue samples from liver, ileum and caecum were carefully dissected and immediately fixed in adequate volume of 10% formalin solution. The paraffin method technique was used to prepare permanent sections as described by Junqueira et al. (1981) . Briefly, samples were dehydrated in ascending concentrations of ethyl alcohol solutions ranged from 70% to absolute ethanol alcohol. Samples were cleared in xylene, and the embedded in melted paraffin wax to obtain tissues blocks. They were sectioned (4-5 microns thick) and mounted on glass slides, then stained with the ordinary Hematoxyline and eosin staining procedure. The histological sections were conducted at the Pathology Laboratory, Faculty of veterinary Medicine, Cairo University, Egypt. Sections were examined under light microscope and photographed by using a digital camera. 
Statistical Analysis
Data were statistically analyzed using Two-way analysis of variance of SAS Program (SAS, 2004 ). Significant differences among means (P ≤ 0.05) were separated using Duncan's new multiple ranges test (Duncan, 1955) .
Results and Discussion

Digestibility Traits of Rabbits
Effect of Dietary SBT Level
The effects of replacing dietary alfalfa hay by dried SBT with or without a prebiotic addition on nutrient digestibility of growing rabbits are presented in Table 2 . These results showed that digestibility coefficients of dry matter (DM), organic matter (OM), crude protein (CP), ether extract (EE) and nitrogen free extract (NFE) of 12 weeks old NZW rabbits were positively affected (P ≤ 0.05) by feeding the SBT-containing diets (20% and 30%) compared with their control group. The improved nutrient digestibility, reported herein, harmonizes with the findings of Gaafar et al. (2014) , who found that replacing dietary clover hay by strawberry vine produced beneficial effects on digestibility coefficients of DM, OM, CP, EE, CF and NFE of rabbits as compared to their control counterparts. The current results agree also with the findings of Gaafar et al. (2010) , who reported that feeding growing rabbits on diets containing dried SBT silage in place of dietary clover hay significantly improved the digestibility coefficients of DM, OM, CP, CF, EE and NFE. Similarly, results of the present study are in agreement with those obtained by Taie et al. (1996) and Tag El-Din et al. (2000) , who found that feeding growing rabbits on diets containing SBT resulted in significantly higher digestibility coefficients of DM, OM, CP, EE and NFE. In this respect, Sarhan (2005) found that the digestible crude protein of diet contained 30% pea pods hulls was significantly higher than that of the control diet.
On the other hand, Gidenne (2003) observed a decrease in nutrient digestibility of rabbits fed lemon and orange pulps; he suggested that this might be related to the high fiber contents (especially pectin) of these agro-industrial by-products. In addition, Hussien (2009) observed that apparent EE digestibility of growing rabbits was not affected by either pea vines, green bean vines or squash vines when their dietary inclusion level reached 35%.
Effect of Prebiotic Supplementation
Apart from dietary SBT level, added dietary prebiotic had a positive effect (P ≤ 0.05) on the digestibility coefficients of DM, OM, CP, EE, CF and NFE of growing rabbits ( Table 2 ). The beneficial effect exerted by dietary prebiotic on nutrient digestibility by the experimental rabbits may be due to its stimulating action on caecal microbial activity, and thus improving the digestion efficiency. The high levels of organic acids that produced due to increased microbial fermentation are involved in balancing the microbial population in the small intestine and/or can stimulate the activities of the digestive enzymes (Knarreborge et al., 2002) . Our data are in accordance with those reported by Pinheiro et al. (2004) , who observed higher feed digestibility in MOS-supplemented rabbits compared with their control group, and suggested that the positive effect of MOS on nutrient digestibility might be due to improving the intestinal morphology, as MOS may increase villi height: crypt depth at the ileum, which induce an increased feed digestion and absorbability via increasing the intestinal absorption surface area. In this regard, El-Gohary and Abo El-Maaty (2014) reported that dietary supplementation of prebiotic (MOS) had a positive effect on nutrient digestibility and nutritive values for growing NZW rabbits.
Effect of Interaction between Dietary SBT and Prebiotic Supplementation
Dietary SBT by added prebiotic interactions were not significant (P ˃ 0.05) for digestibility coefficients of DM, OM, CP, CF, EE or NFE examined in this study. Note. NS: Not significant. *: Significant at P ≤ 0.05. SEM = Standard error of the means. a-b: Means in the same column bearing different superscripts are significantly different (P ≤ 0.05).
Caecal Microbial Activity
Effects of Dietary SBT Level
The effect of replacing dietary alfalfa hay with dried sugar beet tops (SBT) with or without a prebiotic on caecal fermentative activities and caecal microbial activity of growing rabbits are presented in Table 3 . These results showed that pH value, TVFA,s and NH3-N values for caecum content of 12 weeks old NZW rabbits were similar with no significant differences (P ≥ 0.05) among different experimental groups. Apart from dietary prebiotic addition, it was observed that total bacterial (TBC), E. coli and lactobacillus counts were significantly affected (P ≤ 0.01) due to feeding the diets containing 20 or 30% SBT (50 or 75% replacement values of alfalfa hay) as compared to those of the control group (0% SBT). The principle site of fermentative activity in rabbits is the caecum, which characterized via the extensive variety of microbial flora community (Gouet & Fonty, 1979) , when the rabbit feed moving from milk to dry feed at three weeks of age; the microbial flora develops extensively (Ouhayoun, 1998) , markedly affecting dietary, physiological, immunological and protecting strategies within the host animal (Gaskins, 1997) . The type and stage of dietary fiber contribute to determine the quantity and diversity of caecal microbial network in the rabbit (Bennegadi et al., 2003) .
Our effects agreed with the ones stated by (Robertson, 1988) who recorded lower microbial counts in caecal contents of rabbits fed diets with high lignin and insoluble non-starch polysaccharides fraction reduced through growing the digesta transit charge. Giant reductions in total anaerobic and coliforms counts within caecal samples from rabbits consumed eating regimen containing caprylic acid, which is brief-chain fatty acid (Skřivanová et al., 2010) . Similarly, rabbits fed Phaseolus vulgaris straw (PS) containing various additives showed lower coliform count in their caecal content when compared with those fed the clover hay diet's (El-Gohary & Abo El-Maaty, 2014). On the other hand, Oso et al. (2011) , who recorded that lower microbial counts in caecal contents of rabbits fed with 300 g/kg sorghum milling waste which could indicate the increased digesta transient rate caused by high dietary fiber.
Effect of Prebiotic Supplementation
Apart from dietary SBT level, added dietary prebiotic had a positive effect (P ≤ 0.05; P ≤ 0.01) on caecal fermentative activities and caecal microbial activity of growing rabbits are given in Table 3 . The present pH value, ammonia-N (NH3-N) level, TBC, E.coli and lactobacills counts are the higher significant values at (P ≤ 0.01) compared to control ones. The higher pH values of rabbits given prebiotic supplemented diets may be related to higher fermentation rate of microflora in the caecum. In the present study, no change was detected in concentrations of TVFA,s of growing NZW rabbits had fed prebiotic supplemented diets compeered with the control group.
These results agreed with those found by El-Gohary and Abo El-Maaty (2014) who found that prebiotics have clear and effective role in reducing total bacterial and coliforms counts and at the same time favoring the growth of Lactobacillus in the caeca. In agreement with this study, Xu et al. (2002) demonstrated that supplementation of 0.02% fructo-oligosaccharides increased Bifidobacterium and Lactobacillus in growing pigs. Fructo-oligosaccharides showed some protective effects against experimental inoculation of E. coli (Perez et al., 1995; Morisse et al., 1993) , but in field conditions their positive effects on health have not been strongly demonstrated.
The Interactions between Added Prebiotic and Dietary Level of SBT
The SBT level by added prebiotic interactions increased significantly (P ≤ 0.01) caecal microbial community for each of TBC with pronounced positive effects on lactobacillus populations, meanwhile E.coli counts showed significant reductions (P ≤ 0.01). The perusal of these interactions may give an indication that both SBT and prebiotic addition exerted a positive effect in this respect. It was interesting to note that rabbits fed the basal diet plus prebiotic displayed higher TBC and lactobacillus counts and lower E. coli count as compared to those fed the basal diet alone. Similarly, feeding diets containing 20% or 30% SBT plus prebiotic caused positive effects on TBC, E. coli and lactobacillus counts compared with other experimental groups.
Blood Plasma Components of Rabbits
The effects of feeding diets containing 20 or 30% SBT to replace 50 or 75% of dietary alfalfa hay on blood plasma parameters of NZW rabbits are illustrated in Table 4 . It was observed that feeding the SBT-containing diets did not alter plasma concentrations of urea and activities of AST, ALT and MDA of 84-day-old NZW growing rabbits compared with the basal diet group, irrespective of added dietary prebiotic. But rabbits fed diets containing SBT (20 and 30%) exhibited significantly higher (P ≤ 0.05) blood plasma level of SOD than the control group. These results may indicate that replacement of dietary alfalfa hay with SBT up to 75% is safe and had useful effect on the jas.ccsenet.org Journal of Agricultural Science Vol. 10, No. 3; metabolic functions or the health status of rabbits, since no morbidity or mortality were reported during the post-weaning period.
The absence of significant differences in most blood plasma parameters of rabbits, observed in the present work, in harmony with the findings of Galal et al. (2014) , who reported that replacing dietary clover hay with dried strawberry vines did not significantly affect the plasma concentrations of total protein, albumin, globulin, glucose, total lipids, cholesterol or creatinine. Although, El-Gohary and Abo El-Maaty (2014), who found that replacing the clover hay in rabbit diets with Phaseolus vulgaris straw had no significant effect on blood plasma substances.
The results summarized in Table 4 indicated that dietary supplementation with prebiotic caused significant increases (P ≤ 0.05) in blood plasma activities of SOD of rabbits. But, plasma levels of Urea, liver enzyme activities (AST, ALT) and MDA concentration had no significant effect (P ˃ 0.05) due to treatments and significance decreases in plasma creatinine, regardless of dietary SBT level. This results was still within normal range as indicated by the non-sign of toxicity were noted.
The lack of a significant effect of dietary prebiotic inclusion on most blood plasma parameters of rabbits, noticed in this work, is in through with the results reported by El-Gohary and Abo El-Maaty (2014), who found that blood plasma constituents of rabbits were not influenced by feeding prebiotic-supplement ration. Apart from the effect of dietary tested material, the noted means of blood constituents of weaning rabbits in the present work fell within the normal physiological range (Özkan et al., 2012) . The interactions between added prebiotic and dietary level of SBT were not significant for all blood plasma parameters measured in this study.
Histological Observations
Liver Histology
The liver structure of rabbits, as in different mammalian species, is divided into many hepatic lobules; each consists of radially-arranged cords of hepatocytes extended from the central vein to the periphery of the lobule. The histological examination of liver sections from rabbits that fed the control diet (Figure 1 ) showed normal hepatic structure except a few fatty cirrhotic areas and infiltrable fluids. This was also observed in the liver sections from rabbits that fed 20% or 30% sugar beet tops (Figures 2 and 3) , where there is marked hypertrophy of liver cells accompanied with many kuepffer cells, infiltrable fluids and large bile duct (Figure 3) . A similar structure was also observed when rabbits were fed 30% sugar beet tops, although the central vein was slightly dilated. Prebiotic addition to the control diet improved liver histological structure (Figure 4 ) where normal central vein along with few fatty cirrhotic areas could be seen. Moreover, liver sections from rabbits that fed 20% sugar beet plus prebiotic ( Figure 5 ) and 30 % Sugar beet plus prebiotic showed several changes. There were necrotic areas, dilated central veins with disrupted hepatic cords and many fatty cirrhotic areas. There are also many infiltrale fluids in between the hepatic cards ( Figure 6 ). In general, the previous changes in liver histology in response to sugar beet feeding either with or without prebiotic, did not cause any side effects on liver function. It is likely that these changes might be related to the hyperactivity of liver tissue, as liver is the main metabolic organ, and this may cause some metabolic, but not pathologic-disorders, to liver tissues. On the other hand, all sections showed the presence of Kupffer cells with their numbers markedly increased in the control and sugar beet tops sections (Figures 1, 2 and 3 ). These cells act as an effective particulate filtration system in liver tissues to prevent any pathogenic bacteria or other particulate matters from the digestive system to pass from the portal blood into the systemic circulation. In this concern, many worldwide studies support the idea that many plants and herbs contain phytochemicals which could be used to protect hepatocytes from degeneration and enhance antioxidant status of different mammalian species, hence improving productive performance (Middleton et al., 2000; Nakatani, 2003; Chrpova et al., 2010) . 
Ileum Histology
Histopathological examination of ileum sections of rabbits as influenced by different dietary treatments is illustrated in Figures 7 to 12 . It is clear from these sections that there are great variations in the height and width of the intestinal villi, accompanied by changes in muscularis mucosa layer. In the control group (Figure 7 ) section, the villi was tall but with small diameter and little goblet cells in the epithelial surface. However, the villi size and number per microscopic field area were greatly increased in all treatment sections especially those of T5 and T6 treatments (Figures 11 and 12 ). There are many crypts in the base of villi differing in size and number located over the sub-mucosal layer within the lamina propria, in which many blood, lymph and nerve supplies are present. These crypts are the most abundant tubular glands in all sections especially in Figure 8 (T2); Figure 11 (T5) and Figure 12 (T6), compared with the control group sections. It is worth noting that the number and size of Brunner's glands in the lamina propria of the villi were also increased in treatment sections than the control ones. These glands are located beside the crypts and have similar histological appearance but with many goblet cells in their epithelial lining (Culling, 1983) . Since, these glands along with the crypts were known to secrete mucus in response to direct stimuli of digesta in the ileum or intestinal hormones, especially secretin (Gallois et al., 2004) . The function of mucus secreted by Brunner's glands is to protect the intestinal wall from digestion by the gastric juice. Mucus is also secreted in large quantities by goblet cells located intensively in the epithelial surface cells of the villi and crypts. The crypts fluids are almost pure extracellular fluid with a neutral pH in the range of 6.5 to 7.5. These secretions, in general, may help improvements in the productive performance. These histological observations suggest that using sugar beet with prebiotic could enhance the histological structure of the digestive system in growing rabbits. This is in accordance with many findings by Roberfroid (2000) and Pelicano et al. (2005) in broilers and Mourão et al. (2006) in growing rabbits. Note. * n = 10 microscopic fields.
jas.ccsenet. In general the caecal wall of growing rabbits is comparable with that of the other intestinal segments; however, there are many special changes specific to cecum histology. Among these changes, the muscularis mucosa layer is not well-developed but contains outer longitudinal and inner circular muscles which strengthen the caecal wall. It is clear from caecal sections that the villi are well arranged in many plicae with different shapes and size of villi especially in the sections from growing rabbits group that fed 30% SBT (T3; Figure 15 ); growing rabbits group that fed 20% SBT with prebiotics (T5; Figure 17 ) and growing rabbits group fed 30% SBT with prebiotics group (T6; Figure 18 ), respectively. The crypts are short and small tubular glands opened in between the villi and occupy most of the lamina propria layer between the bases of the villi and the muscularis mucosa. There is also many diffuse and nodular accumulation of lymphoid cells appeared as lymph nodes and/or nodules accompanied with blood vessels and nerves. It is difficult to attribute these histological changes to the dietary treatments, however, the muscular is layer and the shape and size of the villi with their mucosal epithelium lining in the sugar beet plus prebiotic fed rabbits may support the possible influence of treatments on caecal fermentation activity, volatile fatty acids production, decreased pH value and bacterial ecosystem in the cecum, which may also explain the positive impacts of prebiotics and sugar beet on performance of growing NZW rabbits. In this respect Caspary (1992) indicated that increasing villus height may reflect greater surface area and more nutrients absorption. Also, Abdel-Khalek et al. (2011) reported that the depth of caecum mucosa is important for increasing the absorption of microbial products. It is well known that the crypts of lieberklihn are considered as the villlus factory, thus, deeper crypts reflect fast tissue turnover for renewability of villi in response to different treatments. This was supported by the findings by Samanya and Yamauchi (2002) who used dried Bacillus bacteria in chickens diet, and Rao and Samak (2012) who studied the role of glutamine in the protection of epithelial lining of different intestinal walls. These findings support our results, where the crypts occupy most of the lamina propria layer, especially in sections from rabbits fed SBT plus prebiotic enriched diets. Similar observations were also reported by El-Badawi et al. (2017) who used different levels of moringa leaves in rabbit nutrition. Note. * n = 10 microscopic fields.
